The study objective was to measure the change in pulse pressure associated with laryngoscopy and tracheal intubation and to relate these changes to trends in systolic, diastolic and mean blood pressure. The rationale was that the rise in systolic and diastolic blood pressure may be disproportionate and may result in either increase or decrease in pulse pressure. We also looked at the influence of age on this response. This prospective observational study measured the changes in pulse pressure secondary to laryngoscopy and tracheal intubation in eighty adult surgical patients. Two groups of forty patients each were included, young (group A) 18-25 years and middle-aged (group B) 45-55 years. The patients were ASA Class 1 or 2, of either gender, and non-hypertensive. Systolic, diastolic, and mean blood pressure, and heart rate were measured preinduction and 1, 2 and 3 minutes after induction. Thereafter they were measured every minute for five minutes after intubation. Pulse pressure was obtained by subtracting the diastolic from the systolic blood pressure. No pulse pressure change occurred in the young group despite of a significant increase in both systolic and diastolic blood pressures. The middle aged group showed an average rise of +18 mm of Hg in pulse pressure (taken at 1 minute post-intubation) compared to the baseline measurement (P<0.0001). These changes in pulse pressure during anaesthesia may indicate an additional pulsatile stress in vulnerable patients in addition to the changes associated with resistance alone and need to be studied further.
Pulse pressure is the difference between systolic and diastolic blood pressure and is the single best surrogate for large artery stiffness 1 . It has proved to be an independent predictor of cardiovascular mortality in both normotensive and hypertensive individuals 2, 3 . Studies on laryngoscopy and tracheal intubation in anaesthesia have traditionally focused on measuring changes in systolic, diastolic and mean blood pressure only 4, 5 . New data, however, suggests that diastolic blood pressure is no longer considered a reliable indicator of cardiovascular events. Normal levels of diastolic blood pressure can be due to a combination of an increase in peripheral vascular resistance which elevates diastolic pressures and an increase in vascular thickening which decreases diastolic pressure. These two changes cancel each other out. Therefore underlying risk factors may be disguised by a normal diastolic pressure 6 . Pulse pressure may reflect these effects in a better manner 7 . Traditional blood pressure measurements usually measure changes related to the steady component, which relies on changes related to a balance of ventricular ejection and peripheral vascular resistance, but do not give any indication of the pulsatile component related to the interplay of ventricular ejection and the viscoelastic properties of arteries and reflection of pulse waves. This pulsatile component is measurable by measuring the pulse pressure. There is little data available in anaesthetic literature on pulse pressure.
We designed a prospective observational study with the objective of measuring the changes in the pulse pressure in adult surgical patients and to relate these changes to trends in systolic, diastolic and mean blood pressures. The rationale behind the study was that the rise in systolic and diastolic pressures following laryngoscopy and tracheal intubation could be disproportionate and may result in either an increase or decrease in pulse pressure. Since pulse pressure varies with age, we studied the effect in two groups of patients; young and middle-aged. Any short term cardiovascular morbidity, i.e., dysrhythmias and ST segment changes, were also recorded.
Power analysis indicated that 40 patients per group would be able to detect a 20% difference in pulse pressure between the groups, i.e. after tracheal intubation (A=0.05, B=0.2).
MATERIALS AND METHODS
The study was approved by the Ethics Review Committee of the University and written informed consent was obtained from all patients. A total of 80 consecutive patients on the authors' lists were enrolled in the study if they matched the inclusion criteria. The inclusion criteria included nonhypertensive patients of either sex and either American Society of Anesthesiologists Class 1 or 2. Hypertension was defined as a baseline blood pressure of more than 140 mmHg systolic and 90 mmHg diastolic. Only patients who were New York Heart Association Functional Class 1 were eligible to enter the trial. The age range included two groups; the first group was between 18 to 25 years and the second group was between 45 and 55 years. Only patients with Mallampati Class 1 or 2 airways on preoperative assessment were included. The following patients were excluded from the study: patients who had a history of hypertension or ischaemic heart diseases, patients taking medications likely to affect blood pressure or heart rate (e.g., beta blockers, calcium channel blockers, peripheral vasodilators), those requiring rapid-sequence induction with cricoid pressure or those with suspected difficult intubation.
Smokers and obese patients (body mass index more than 27 in males and more than 25 in females) were also excluded. Patients undergoing obstetric, cardiothoracic, and neurosurgical procedures were not included.
All patients received midazolam 7.5 mg orally approximately thirty minutes before surgery. All were pre-oxygenated for three minutes on oxygen flow of 9 l.min -1 via a Mapleson A circuit. Induction was with thiopentone 5 mg.kg -1 over 15 seconds and atracurium 0.6 mg.kg -1 /IV was used to for muscle relaxation. Isoflurane 0.5 MAC was introduced in the circuit immediately after induction to prevent any awareness; the expired concentration of isoflurane was monitored.
Laryngoscopy was performed with a Macintosh adult laryngoscope blade number 3 by one principal investigator in order to standardize the technique. A polyvinyl chloride size 8 internal diameter tracheal tube was used in females and size 8.5 in males. The duration of laryngoscopy was standardized to less than 15 seconds and patients were to be excluded if laryngoscopy took more than 15 seconds or more than one attempt was required. No opiates were given before intubation.
Monitoring was commenced before induction and included continuous electrocardiography (CM5 lead) and oxygen saturation using a thumb probe. ST segment trend analysis was available on the monitor and any change more than 1 mm was recorded. Readings of systolic, diastolic and mean blood pressure were taken on the left arm of the supine subjects. Cuff size adjustments were based on the arm circumference. Continuous end-tidal carbon dioxide monitoring was introduced after induction. Noninvasive blood pressure was taken preinduction in the operating room after a rest period of five minutes; three readings were taken every minute after induction and five readings every minute after laryngoscopy and intubation. Pulse pressure was obtained by subtracting the diastolic from the systolic blood pressure. All monitoring was performed on a Datex AS5 monitor (Helsinki, Finland). All recordings were performed by an anaesthetist not connected with the study.
Statistical Analysis
Data was entered in SPSS version 10 computer package. Repeated measures ANOVA was applied to see the intra-group difference and inter-group difference was analyzed using one-way ANOVA (between the two age groups). If a difference was observed, further analysis was based on a paired t-test for intragroup comparison and an unpaired t-test for intergroup comparisons. Results were presented as mean (standard deviation).
RESULTS
No patient was excluded from the study due to protocol violation. The baseline data is shown in Table 1 . No significant difference in baseline pulse pressure was seen between the two age groups. The range of baseline pulse pressure in the young group was 26-60 mm of Hg and in the middle aged group was 30-55 mm of Hg.
The data in the two age groups showed a difference in response. The systolic blood pressure (SAP) response persisted for three minutes in both age groups but the magnitude of the response was higher in the older group. The maximum rise in SAP was at one minute post-intubation in both groups with a mean rise of 35 mm of Hg in the middle-aged compared to 21 mm of Hg in the younger patients (P<0.0001). The pulse pressure did not show any change in the younger age group. However, there was a significant change from baseline observed in the middle-aged group in the three minutes following intubation. The maximum rise in the middle-aged group was observed at one minute post-intubation and the mean change was +18.6 mm of Hg.
The diastolic arterial pressure (DAP) and mean blood pressures were significantly higher in the middle-aged group and a rise was seen in both age groups which persisted for three minutes. The diastolic blood pressure rose by 14 mmHg in the middle-aged compared to 19 mmHg in the younger patients. The change in the MAP was +24 mmHg in the middle-aged compared to +19 mmHg in the younger group.
No dysrhythmia was seen in any patient. Only one patient in the middle-aged group had an ST segment depression of 1.5 mm associated with laryngoscopy and intubation. This was a 55-year-old male in whom the pulse pressure rose by 41 mmHg and SAP by 36 mmHg. The baseline SAP and DAP were 132 mmHg and 80 mmHg in this particular patient. The ST changes reverted to normal without treatment as soon as the blood pressure response associated with intubation settled.
DISCUSSION
The principal components of blood pressure consist of both a steady component which is the mean arterial pressure (MAP) and is dependent on DAP and SAP, and a pulsatile component. Mean arterial pressure is dependent on SAP and DAP and its major components are ventricular ejection and peripheral vascular resistance. The pulsatile component is measurable by the pulse pressure which is the difference between the systolic and the diastolic blood pressure in mmHg. It also has two major components; a direct component which is due to the ventricular ejection interacting with viscoelastic properties of larger arteries and an indirect component due to wave reflection 8 artery stiffness will lead to an increase in pulse pressure. This decrease in large artery compliance also leads to an increased myocardial oxygen demand and a decrease in coronary artery perfusion.
Pulse pressure, an indicator of conduit vessel stiffness, has recently emerged as an important predictor of adverse cardiovascular events 9 . Pulse pressure is also an independent predictor of risk of coronary artery disease in middle aged and elderly patients 10 .
Increase in SAP is associated with increase in vascular resistance whereas DAP increase is associated with small vessel resistance during diastole and may fall with increased central artery stiffness. Pulse pressure normally has a high correlation with SAP (z=0.87) but was found to be better in predicting coronary artery disease because of the contribution of strong pulsatile stress 11 .
Studies in medical literature have started focusing on the long-term effects of sustained rise in pulse pressure. Coronary heart disease risk has been shown to be greater with pulsatile stress. A sustained 10 mmHg rise in pulse pressure was seen to increase the relative risk of total mortality to 1.11 and by 10% increase in the risk of cardiovascular mortality (relative risk 1.10) 7 .
In relation to anaesthetic management a shortterm rise in blood pressure and its various components is frequently seen and can be of consequence especially in vulnerable patients such as those with ischaemic heart disease, hypertension and cerebrovascular disease 12 . The short-term blood pressure responses associated with laryngoscopy and intubation have been well studied in terms of systolic, diastolic and mean arterial pressure. A rise in SAP and DAP may not necessarily translate into a rise in pulse pressure. This was seen in our younger group. In the middle-aged group however, a rise of more than 18 mm of Hg in pulse pressure was observed. This would be an additional pulsatile stress on the cardiovascular system in addition to the rise in the SAP and DAP. The importance of this pulsatile stress needs to be studied further in anaesthesia.
Ageing leads to loss of elasticity in major vessels and results in reduced arterial compliance, increased afterload with a linear increase in SAP related to age. DAP declines after the age of 50 and pulse pressure rises sharply. The mean DAP in our middle-aged group was slightly higher than in the young patients; this was probably because we had included patients younger than 50 years. Because of these age-related 539 
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The studies of intubation response in anaesthesia have traditionally limited themselves to changes in SAP, DAP and MAP 14, 15 but it makes more physiological sense to interpret blood pressure data in terms of both mean and pulsatile component, in addition to systolic and diastolic blood pressure 8 .
What are the clinical implications of this study? From this one study alone we cannot determine the value of monitoring pulse pressure during anaesthetic management, but based on the changes in pulse pressure observed by us, this study may be useful in generating an hypothesis regarding the usefulness of pulse pressure in anaesthesia. This hypothesis can then be tested further in other clinical trials and in high risk patients as pulse pressure reflects the physiological response to a combination of changes. Also cardiovascular events have been shown to be more related to pulsatile stress during systole than the small vessels resistance during diastole 1 . The one patient who showed ST segment changes in our study was also exposed to a large pulsatile stress. There is also scope in using this measurement to assess the response to intraoperative antihypertensive therapy especially in isolated systolic hypertension.
The limitations of our study are first related to the measurement techniques that we chose. The most common method of measuring blood pressure during the perioperative period is based on oscillometric principle using an automatic upper arm cuff which yields a numeric display of systolic, diastolic and mean blood pressures. We also used this method for measuring the pulse pressure. Invasive blood pressure, though more accurate in reflecting systolic and diastolic blood pressure 16 , was not ethically justified because of its potential side-effects in the type of surgery and relatively healthy patients that we studied. The majority of published studies on pulse pressure in the medical literature have used standard sphygmomanometric measurements of blood pressure, making determinations easy and practical in the clinical setting though realizing the limitation that some oscillometric sphygmomanometers can be unreliable in the elderly.
Additional measures of large artery stiffness in addition to pulse pressure are also being investigated in research settings. These are pulse wave velocity, ultrasound-derived indices, MRI-derived indices, wave form analysis and computer program based on oscillometric blood pressure measurements 17 .
We excluded the patients with any ischaemic heart disease and hypertension from our study. Our data therefore reflects the changes in pulse pressure associated with normal physiology. Extrapolating to a pathological cardiovascular system may not give the correct information. There is a need to repeat pulse pressure studies in this group of patients and to correlate it with short-term morbidity, as this is the group that is most vulnerable to changes in blood pressure and its consequences.
In conclusion we have shown different pulse pressure responses associated with laryngoscopy and intubation in different age groups. The response was negligible in young patients between 18 and 25 years but a mean rise in pulse pressure of about 18 mmHg occurred in middle-aged patients between 45 and 55 years of age.
